Abstract Consumption of sugar-sweetened beverages (SSBs) has increased worldwide. As public health studies expose the detrimental impact of SSBs, consumer protection and public health advocates have called for increased government control. A major focus has been on restricting marketing of SSBs to children, but many innovative policy options -legally defensible ways to regulate SSBs and support public health -are largely unexplored. We describe the public health, economic, and retail marketing research related to SSBs (including energy drinks). We review policy options available to governments, including mandatory factual disclosures, earmarked taxation, and regulating sales, including placement within retail and food service establishments, and schools. Our review describes recent international initiatives and classifies options available in the United States by jurisdiction (federal, state, and local) based on legal viability.
Introduction
For centuries, water has been challenged by other beverages as the drink of choice. Tea and coffee were first, followed by the invention of soda water in the 1760s -the basis for cola beverages in the late 1800s.
1 Now beverages sweetened with cane sugar, corn syrup, and the derivatives of the two (collectively 'sugar') 2 are heavily consumed globally.
3
As public health studies began to expose the detrimental impact of sugar-sweetened beverages (SSBs), consumer protection and public health advocates called for increased government control, often focusing on marketing. 4 In 2010, the World Health Organization (WHO) proclaimed the marketing of unhealthy products to children an international issue, calling on Member States to act. 4 But limiting SSB marketing to children is less feasible in the United States, where 'commercial speech' (or advertising) is protected by the First Amendment of the Constitution.
In the United States, commercial speech is amenable to regulation and can be restricted in certain circumstances, most notably in the school environment. A legal basis exists to argue that commercial speech directed at children is misleading and deceptive and thus, not protected by the First Amendment.
5 Government restrictions, however, would likely provoke constitutional challenges from industry, resulting in complex litigation and unclear outcomes.
Government may consider alternative policy options to avoid such First Amendment challenges. The US Supreme Court has sanctioned the government's ability to protect and inform consumers by mandating the disclosure of factual information or regulating what US law refers to as conduct, which in this context refers to sales practices. 6 We apply the Court's reasoning from other public health contexts (for example, tobacco) to SSBs. Our suggestions address information disparities and access issues in the retail environment. The options we consider may be attractive to other countries seeking to regulate SSBs without or in addition to marketing restrictions.
We describe the public health, economic, and retail marketing research about SSBs (including 'energy drinks', when applicable). Several policy options are available to address beverages of public health concern: requiring factual disclosures, earmarked taxation, and regulating the sale and location of such beverages within retail and food service establishments, and schools. We discuss legal viability.
Consumption
Consumption of SSBs has increased worldwide.
7 Soda consumption in the United States peaked in 2000; but new SSBs have emerged. As of 2006, youth SSB consumption had fallen slightly from its all-time high, but adult SSB consumption continues to increase. 8 In 2006 youth consumed, on average for each age cohort, from 104 to 269 calories per day from SSBs, rising from age 2 to 18. Adults consumed on average 265-93 calories per day from SSBs, decreasing by age cohort from 19 to 60 and over. 8 Global consumption rates are not as high, but are increasing similarly.
9,10
Most SSB consumption occurs in the home environment, [11] [12] [13] followed by food service establishments, and schools (for children).
11
Greater access to SSBs in schools, and their proximity to fast food establishments result in higher consumption.
14 Energy drinks, often studied separately because they are new, are increasingly marketed to and consumed by adolescents and teens.
15
Studies in the United States and Germany indicate that 23-34 per cent of adolescents and teens (depending on age and sex) consume energy drinks regularly.
Many beverages contain caffeine. In the United States 90 per cent of adults report regular caffeine consumption, averaging approximately 280 mg daily and estimates for Europe are higher. 16 Youths globally consume caffeine with particularly high intakes in Germany and New Zealand. 15 In the United States, adolescents consume an average of 60-70 mg of caffeine daily. 15 A recent survey revealed that children aged 5-7 years consume approximately 52 mg of caffeine daily and children 8-12 years consume 109 mg daily.
17
Research has documented detrimental health effects from SSBs. The association of SSB consumption and weight gain is stronger than for any other food or beverage.
18 SSB intake is associated with dental caries, increased energy intake, overweight, obesity, and is an independent risk factor for diabetes and heart disease. [18] [19] [20] [21] [22] Health effect studies on energy drinks find caffeine consumption by youth associated with cardiac abnormalities, caffeine toxicity, and diabetes.
15,17

Retail Environment
Increased SSB consumption world-wide can be attributed to successful marketing, low cost, increased portion sizes, and high availability.
3,18
To induce sales and impulse purchases, retail establishments use price discounts and locate products in check-out aisles, in 'special displays', and at the end of aisles.
23,24
The price of SSBs has not kept up with inflation, for decades remaining consistently below the consumer price index.
25 Low-income households purchase more SSBs and at lower prices than higher-income households. 26 And SSBs cost less in relation to other goods in developing countries than in industrial countries.
In 2008, to create a report for Congress, the US Federal Trade Commission subpoenaed information from 44 food and beverage companies on marketing practices and expenditures in the United States for 2006. Beverage companies spent US$492 million on youth-directed efforts, with 96 per cent of that amount directed to adolescents.
27
Nearly $90 million was spent on teen-directed packaging and in-store marketing for carbonated beverages, by far the largest in-store expenditure. It represented 46 per cent of all youth-directed expenditures for packaging and in-store marketing.
The WHO recognized 'a need to ensure that the private sector markets its products responsibly'. 4 The US government has encouraged self-regulation, 28 and the largest beverage companies globally and in the United States 29 are members of a self-regulatory body. The companies pledged to limit their marketing directed at youth in covered media (for example, television) according to internal nutritional guidelines, which notably exclude point-of-sale materials and packaging, 30 where beverage companies spend substantially to promote SSBs to youth. Retail promotion remains unregulated.
Most countries, lacking legal protection of commercial speech, can liberally regulate marketing, as the WHO has advised. Most SSB marketing occurs through broadcast media, the internet, in schools, and in retail establishments. 27 In Sweden, Norway, and the Canadian province of Quebec broadcast advertising restrictions are in place, but viewers may remain exposed through transmission from other countries. 31 We suggest below how countries may regulate SSBs in schools and retail establishments.
National and Multi-National Regulatory Issues and Options
Sugar and caffeine are the two main ingredients of SSBs recognized as potential health concerns. 32, 33 The US Food and Drug Administration (FDA) regulates the safety and packaging of food, including beverage products. In the 1970s, the FDA found that added sugar was generally recognized as safe (GRAS) at the levels being consumed at the time, as was caffeine when added to cola-type beverages.
34 The agency sets no limit for sugar, but limits caffeine to 71 mg per 12-ounce cola-type drink. Since the FDA granted GRAS status for sugar and caffeine, the consumption of soft drinks has more than doubled and energy drinks have been introduced to the market. 32 Added sugar consumption has doubled for most of the population, 35 and almost tripled for teens, due largely to increased SSB intake.
11,12,32
Energy drinks contain more sugar and as much as three times the amount of caffeine as other SSBs of the same size, and they are also sold in larger, non-resealable containers.
36 A non-resealable soft drink is usually 12 ounces, while energy drinks come in 16 and 24 ounce cans, which contain more than 90 g of sugar and 240-500 mg of caffeine.
36
Manufacturers of energy drinks often designate the products as dietary supplements and not beverages. As such, they fall under the regulatory guidelines of 1994 Dietary Supplement Health and Education Act, giving the FDA less regulatory control than under the Food Drug and Cosmetic Act. 37 The FDA has not enforced caffeine limitations for soft drinks, but if the agency were to regulate SSBs, its limits would not apply to energy drinks self-designated as dietary supplements, unless the agency were to redefine the category. 38 In December 2009, the FDA issued Guidance to Industry expressing concern that liquids are increasingly being marketed as dietary supplements instead of as beverages, but has taken no action since.
39
In 1990, the US Congress passed the Nutrition Labeling and Education Act, which requires that total sugar, but not caffeine content, be disclosed on labels of beverages and dietary supplements.
40
(Some manufacturers disclose caffeine voluntarily.) The FDA has the authority to require scientifically based warning labels on SSBs, similar to the Surgeon General's warning on tobacco products.
41
In the EU, sugar disclosure is voluntary, unless a nutrient claim is made on packaging or in advertising, in which case it becomes mandatory. The EU does not require caffeine content be disclosed on cola-type beverages, but if the beverage contains caffeine in excess of 150 mg/l, the message, 'High caffeine content', must appear on the label.
42
Recommendations for added sugar and caffeine consumption vary globally, but few countries have strong or quantitative recommendations. Governments may enact legal restrictions on the permissible quantity of sugar or caffeine in beverages and energy drinks, 43 or seek voluntary reductions. In 2010, the UK Food Standards Agency, for example, recommended that SSB manufacturers reduce added sugar by 4 per cent by 2012. 44 The newly elected Conservative government withdrew this recommendation.
Advanced policy options to regulate sugar-sweetened beverages
Regulation through Taxation
Many countries use taxation to reduce consumption of unhealthy products. 45 For example, high tobacco taxes decrease purchases. Studies suggest similar results could be achieved with high taxes on SSBs.
26 SSB taxes to regulate conduct and improve health are now being seriously considered as obesity rates continue to threaten public health and the economic downturn makes taxation an attractive source of revenue.
Three Pacific Islands -Samoa, Nauru, and French Polynesia -have imposed SSB taxes for health-related purposes. They report increased revenue and decreased consumption. 46 In Samoa and Nauru, the availability of less expensive bottled water may have contributed to reductions in sweetened drink consumption. 46 Several US states and cities, including Hawaii, 47 Kansas 48 and Philadelphia, 49 attempted to pass SSB taxes, unsuccessfully. In the United States, the federal government, states, and some cities have the power to tax SSBs.
6
Advocates have encouraged excise taxes 25 -defined as 'a duty or impost levied upon the manufacture, sale or consumption of commodities'. 50 An excise tax would be imposed on the beverage or syrup manufacturer, in contrast to a sales tax that is imposed on the retail purchase price. Excise taxes are easier to enforce and collect, and would apply to all beverages with added sugars, including energy drinks. An excise tax increases the base price of the product. In contrast, a sales tax is imposed at time of payment, which occurs after most consumers have decided to purchase the product. This encourages the purchase of larger containers, and would not impact the cost of free refills.
25
There is no guarantee that manufacturers will pass on the excise tax, but other positive outcomes could result. Manufacturers could increase the price of all products, decrease portion sizes, decrease sugar in products, absorb the tax or pass it on to consumers. In the Pacific Islands, large revenues were reported but there were insufficient data to calculate the impact of SSB taxes on population consumption.
46
For tobacco, manufacturers use trade discounts, coupons, and other promotions to counteract the effects of excise taxes. 51 To establish a minimum price at which SSBs can be sold to consumers, countries and states can institute minimum price laws and expressly prohibit trade discounts. 51 In the United States, minimum price laws coupled with an express prohibition on trade discounts, result in higher prices to discourage tobacco purchase. An excise tax is amenable to earmarking, where the revenue is dedicated to a specific purpose. 52 Earmarking for a popular cause can help legislators pass an unpopular tax. 46 For SSB taxes, earmarking to support public health programs, such as obesity prevention, can mitigate concerns about the regressivity of taxing low-income consumers. Program proponents favor earmarking because it can ensure continuous funding, although depending on the revenue source, funding may fluctuate and decline over time.
52
Excise Taxes and Earmarking in the United States
An excise tax on SSBs would have the dual purposes of reducing consumption and raising revenue -where a fraction might be earmarked for public health. In the United States, the first excise tax was enacted on whiskey, just 2 years after the Constitution was ratified. 50 The tax was specifically proposed to diminish consumption. 53 The US Supreme Court has confirmed that taxation remains legitimate even if implemented specifically to deter behavior.
54
The Federal government imposes excise taxes on a wide variety of products including alcohol, tobacco, fuel, and vaccines. 50 They represent a significant revenue stream for the government, 50 and many are earmarked for programs such as health, education, and the environment. 55 An excise tax on coal, for example, is dedicated for the Black Lung Disability Benefits Trust Fund to pay health benefits for miners. 
55
The ability of local governments to impose taxes is limited according to the authority granted to them by the state constitution and legislature. Some local jurisdictions can tax only specific products or services;
58 others need permission from the state government or its constituency to impose a tax. 59 Some have the authority to impose other revenue generating measures, such as fees 60 or business privilege taxes.
61 Where permitted, SSBs may be taxed in this way. Note that sales taxes vary among states, with some exempting SSBs as a food, and others imposing a sales tax only in vending machines. 62, 63 Because SSBs are not seen as necessities like other food, states might consider abolishing their exemption from sales taxes.
Regulation of the Retail Environment
In the United States, state and local (collectively 'state') governments have the power to regulate the sale and location of products within retail and food service establishments, consistent with their power to address public health, safety, and welfare. The Supreme Court has provided specific suggestions available to states seeking to protect the public from harmful products, including directly banning the product, 6 limiting per capita purchases, 6 prohibiting the purchase by minors, 64 and implementing specific restrictions on sales such as requiring harmful products to be placed in specific areas, 64 and by extension, sold in specific places. Many such policy options are also available to countries worldwide. We consider each in turn.
It is unlikely that a government would ban all sugary drinks (unlike recent bans on caffeinated alcoholic beverage in several US states), 65 but some countries and states have banned or negotiated with companies to remove from retail sale specific beverages that may pose a public health risk. France, Denmark, and Norway banned 'Red Bull', but the European Court of Justice held that without evidence of a health risk, a ban was an improper trade restriction. 66 The former Connecticut Attorney General negotiated with a company that produced the energy drink, 'Cocaine', to remove the product from the state.
67
In the United States, such bans can also be initiated by legislation.
Limitations on how much of a harmful product an individual may buy were instituted for drug products containing pseudoephedrine.
68
In the context of SSBs, this would more practically take the form of a serving size restriction, because containers may be purchased for multiple users or for future consumption. States can restrict the sale of portion sizes over a certain number of ounces. Extra large drinks offered in some fast food restaurants, like the Big Gulp at the convenience store chain, 7-Eleven, contain 64 ounces and up to 880 calories and 232 g of sugar.
69 A state could restrict the ability of food service establishments to offer such large single serving beverages. In Oregon, a bill was proposed to prohibit the sale of pre-packaged, single-serving SSBs in containers larger than 12 ounces. 70 For energy drinks, the government might restrict the size of non-resealable containers or institute per capita restrictions on the sale of energy drinks in large non-resealable containers.
The suggestions above might be combined with an age restriction, so that they would apply only to youth under a certain age. Age restrictions on purchases of tobacco, alcohol, and other products vary internationally. In the United States, every jurisdiction prohibits tobacco sales to minors. 57 Minimum age requirements to purchase certain beverages are legally possible as well. In 2010, a New York county legislator proposed a ban on the sale of energy drinks to minors less than 19 years old.
71
State governments can also regulate the location of products within or by the type of retail establishment. Laws often require tobacco and pharmaceuticals to be placed behind the sales counter (not on open shelves). More politically feasible than placing SSBs behind the counter would be to require that they be placed in the back of the store, and removed from special displays and check-out aisles.
State governments can also restrict where products are sold. Forty-six states and the District of Columbia restrict the sale of tobacco products in vending machines. 57 San Francisco successfully banned the sale of tobacco products in pharmacies. 72 SSBs are widely available in vending machines, 62 pharmacies, 73 and schools. 74 The government might restrict SSBs, or those not meeting a certain nutritional requirement, from being sold in these venues. School authorities can also institute a ban on the sale of SSBs on school grounds or contract with industry to remove them from their product offerings. 75 (Local government can support school officials by instituting zoning requirements that prevent fast food restaurants from locating near schools.) 76 Many locales license tobacco vendors, obliging them to meet certain conditions. In New York City, for example, tobacco vendors must obtain a license conditioned on the agreement that they will not sell cigarettes out of the package. 77 As part of a conditional license, state governments could require SSB vendors to agree to the regulations suggested above, in addition to other requirements, such as placing point of purchase warning signs at the check-out. This would mimic the Surgeon General's warning on tobacco products but in a sign Advanced policy options to regulate sugar-sweetened beverages format placed near the point of purchase. In the United States, the government should require factual statements, such as scientifically based health warnings, or calorie, sugar, and caffeine disclosures, so as not to raise First Amendment concerns.
Conclusion
The concept of regulating SSBs is gaining momentum globally and many countries and regions are considering or have proposed innovative solutions. As research continues to support action and political and social norms change, the policy options we have discussed are worthy of consideration.
Countries and regions have their own legal and political barriers to enacting SSB regulations, but industry efforts to prevent regulation seem consistent globally. Governments and advocates can share lessons, 46 review past hearing testimony to anticipate industry arguments, 78 and learn from each others' experiences. 49 SSBs are 'non-necessities' associated with a decline in health. Many policy options are available to governments seeking to improve health, decrease health-care expenditures, and generate revenue.
